Abstract: Nest site selection represents an important reproductive strategy for sea turtles as it can strongly affect the development and survival of the offsprings and the reproductive fitness of the adults. In this study we analyzed the nest site selection of loggerhead and leatherback turtles and the factors correlated with that selection at Inhaca Island. The spatial position of the nests was recorded during sea turtles nests monitoring and six nesting seasons were used. Satellite images of Inhaca were used to characterize some of the beach features that might be correlated with nest site selection. Nest distribution analysis revealed that loggerhead turtles tend to spread their nests along the entire beach, but a higher aggregation of nests was evident at the northern most section of the eastern coast. Leatherback turtles tend to nest in a restricted area, with approximately 40% nests at the central sections of the coast. Beach height was the physical variable significantly correlated to loggerhead's nest density (r = 0.309, N = 125, P < 0.01) while fin grain particles (specifically 0.125 mm grain size particles) (r = 0.399, N = 125, P < 0.01) and organic content (r = 0.218, N = 125, P < 0.05) were the variables significantly correlated to leatherback's nest density. No other factors investigated affected nest site selection of either species.
Introduction
 Nest site selection is defined as the non-random placement of eggs within a particular location of a nesting beach [1] [2] [3] . That selection involves three phases: (1) beach selection, (2) female emergence and (3) nest placement. The decision to nest and emerge on a certain beach is probably determined by offshore cues and beach characteristics [4] . Once a sea turtle emerges from the ocean to a nesting beach, she usually enters to a "large" and diverse environment on which she must choose where to dig the nest [5] . That selection represents an important aspect for any oviparous organism [5] [6] [7] [8] . It involves a trade-off between the cost of searching for a place to nest and the reproductive benefits of choosing a "successful" nest site [2, 4] .
As sea turtles lack parental care [1, 2, 9] , a mother's behavior and preferences can strongly affect the development and survival of their offspring and therefore have important consequences for the reproductive fitness of the adult [6] . Serious outcomes can come from that choice [10] . Nesting near the sea may result in nest inundation by waves or eggs loss through beach erosion [4, 11] . On the other hand, nest placement too far inland may increase the chances of nest desiccation, affect the ability of hatchlings in finding the sea and increase the risk of predation of the adult females, their eggs and hatchlings [4] . Moreover, nesting near the supralittoral vegetation
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may also reduce the reproductive output as plant roots may penetrate the nests and destroy the eggs [4, 11] . Therefore, female turtles are forced to maximize their efforts on selecting a favorable nesting site for the development and hatching of her offspring's [2] . Several physical factors have been associated with nest site selection by sea turtles, namely: the presence of rocks [12] , beach width, slope and vegetation cover [8, 13, 14] , salinity, particle size of the sand, pH, organic content, conductivity, water content and salinity [8, 14] . Most of the nest site selection studies consider each environmental cue independently, but there is the possibility of sea turtles using not one, but multiple factors to determine nest site selection, either by combining environmental information or even by using thresholds that must be reached for each factor [4] .
In this study we analyze sea turtles nest site selection at Inhaca Island, Southern Mozambique, which has the largest database on sea turtles nidification in Mozambique (~27 years). We aimed to use the monitoring results to understand the nesting preferences by of sea turtles at Inhaca. This can improve the effectiveness of conservation programs and/or be useful to promote sea turtle based tourism in the Island. The specific objectives set for this study were: (1) map the nest site locations for loggerhead and leatherback turtles at the eastern coast of Inhaca Island using the nesting seasons between 1987/88 and 2013/14; (2) identify sea turtles most selected nesting areas along the eastern coast of Inhaca Island and (3) identify the beach features that determine the nest site selection for loggerhead and leatherback turtles at the eastern coast of Inhaca Island.
Methods
Study Area
The study area comprised the entire eastern coast of Inhaca Island, which includes the administrative post of Inguane, KaNyaka Municipal district, Maputo City, Mozambique. (Fig. 1 ).
Data Collection Procedure
This study was carried out using the spatial coordinates of sea turtles nests collected during the sea turtles monitoring at Inhaca Island. During monitoring, the nest locations were recorded on topographic charts (1: 50,000 m) by handwritten signals by the MBRS wildlife rangers . For the 2013/14 nesting season, nest locations were recorded in the field using a hand held Global Positioning System (Garmin-eTrex HCx) (GPS). After a preliminary analysis of the data collected only six nesting seasons were used to map the nest locations by sea turtles on the Island (1987/1988, 1989/1990, 1990/1991, 2001/2002, 2002/2003 and 2013/14) . Data from the other nesting seasons were missing.
Mapping the Nest Sites
Topographic charts with handwritten locations of nests were converted into a digital format (raster model), which was then imported to the GIS-ArcMap 10 software. The raster model data was geometrical corrected to Universal Transversal Mercator-UTM system, spheroid of WGS 1984, Zone 36S and converted into a shapefile format. The data collected at the field was also converted to an UTM system.
Nest locations of the 5 nesting seasons were merged into a single file. Nesting sites feature were categorized per species and displayed on a map of the Inhaca Island.
Beach Sections
Using the GIS-ArcMap 10 software, the length of the eastern coast of the Island was divided into 6 sections of approximately 2 km each. Within each section, 20 transects were displayed and separated by intervals of 100 m each [18] . Transects were perpendicular to the sea.
Satellite images of Inhaca Island from 2014 were downloaded from Google TM . Earth, and used for a characterization of some beach features in order to use them against the selection of nesting sites by sea turtles. Seven beach features were measured along each transect and used to characterize the sections:
(1) Beach width, the distance from the spring high tide mark to the beginning of the pioneers' vegetation [19] , was measured at the field, using a 100 m graduated tape. (2) Beach height was extracted from digital elevation model. The upper limit of the beach height consisted of the maximum distance inland traveled by a pregnant turtle during the nesting over the nesting years (100 m). The lower limit was the average sea level. The area of (3) pioneer's vegetation, (4) dune scrub and (5) bare dunes were obtained from the Google Earth's satellite image. On ArcMap 10, the area of each feature was measured.
20 sediment samples were collected per section (1 sample per transect), in the beginning of the pioneers vegetation, using a core sampler to a depth of 10 cm. These were analyzed in terms of granulometric and organic content. Samples collected were stored before analysis (which took place at the Ecology Laboratory of the Biological Sciences Department-Eduardo Mondlane's University). Each soil sample was dried in an oven at a constant temperature of 60 °C for 48 h. Then, soil texture (variable 6) was measured trough particle size analysis using a set of sieves (2,000 mm; 1,000 mm; 0.5 mm; 0.25 mm; 0.125 mm; 0.063 mm and bottom) [8] .
Organic content of the soil (variable 7) was determined by combustion of soil samples, of 1g each, in a muffle furnace at a temperature of 550 °C during 2 h. Organic content (loss-on-ignition) was determined using the following equation [20] :
% 100
Data Analysis
All statistical analysis was performed using SPSS version 20.
Identification of the Most Selected Nest Sites
Density of nests was calculated for each section using the adaptive kernel density method in ArcMap 10 [21] . The area of each section corresponded to: length of the beach section (2,000 m) × beach height (distance between maximum distance inland traveled by a pregnant turtle during the nesting over the nesting years and average sea level-approximately 100 m). One-way ANOVA tests were performed to compare
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Determination of the Beach Features that Affect Nest Selection
To identify the beach features that affect nest site selection a Correlation Test (Pearson Correlation) was performed between the set of variables and nest density. When a significant correlation was found those variables were submitted to a multiple logistic regression [22] . Multiple logistic regressions enabled the estimation of the relationship between the nest density and the multiple independent variables. This analysis also enabled to understand which, among the independent variables had significant influence on sea turtles nest site selection. This was done for each species. Fig. 2 (a) illustrates the loggerhead's nest distribution at Inhaca Island over 6 nesting seasons and the mean density of loggerheads nests in the 6 sections of the beach. Nest density was significantly different along the 6 sections of the eastern coast of the Island (F (5,119) = 9.888, P < 0.05). Loggerhead's nest density was higher in the northern most section of the eastern coast (section A) and statistically different from the other 5 sections. Moving southward from Ponta Mazóndue to Ponta Torres, the nest numbers tended to decrease and nest distribution tended to become scattered. Section D and E presented the lowest nest density among the other sections with no significantly differences between them. Fig. 2 (b) shows the leatherback's nests distribution at Inhaca Island.
Results
Loggerhead's Nests Distribution
Leatherback's Nests Distribution
Leatherback's nest density was significantly different across the sections (F (5,119) = 16.637, P < 0.05).
The density of nests at the central section of the eastern coast were higher (section C) and statistically different from the other 5 sections. Sections D, E and F had the lowest nest density with no statistical differences between them.
Beach Sections Characterization
Beach sections were described according to the beach features collected at each transect. Table 1 shows the mean values of the beach features for each section. 
Factors Affecting Nest Site Selection
Loggerhead Sea Turtles
Only one significant correlation was found between nest density of loggerhead turtles and beach parameters. Loggerhead's nest density was significant and positive correlated with beach height (r = 0.309, N = 125, P < 0.01). According to the regression model expressed on Fig.  3 , the increase of 1 unit of beach height means an increase of 0.35 units in the loggerheads nest density. This model explains 9.5% of the beach height variation (Fig. 3) .
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Leatherback Sea Turtles
Three significant correlations were observed between beach parameters and leatherbacks nest density. Leatherbacks nest density was significantly positive correlated with the 0.125 mm grain sized particles (r = 0.399, N = 125, P < 0.01) and organic content (r = 0.218, N = 125, P < 0.05), and significantly negative correlated with the 0.5 mm grain sized particles (r = -0.262, N = 125, P < 0.01).
The final model of the logistic regression analysis only considered two factors: the 0.125 mm grain sized particles and the organic content percentage. 0.5 mm grain sized particles was removed from the analysis as no statistically significance were observed in the determination of leatherbacks nest density. This model explains 19.4% of the nest density variation.
As shown on the regression model on figure 4.7 (a and b), when this two factors act independently, an increasing of one unit of 0.125 mm grain sized particles results on an increase of 1,213 units of nest density. And an increasing of one unit of the organic content percentage results on an increase of 1.65 units of leatherback nest density. 15.9% of the nest density is explained by the 0.125 mm grain sized particles and 4.8% is explained by the organic content of the soil.
Discussion
Spatial Nest Distribution
Inhaca Island has 4 distinct shores, of which the eastern is the only shore that have records of sea turtles nidification. The following characteristics are the most important on the selection of the eastern coast for nidification: (1) it's easy access from/to the ocean and obstacle free. The southern and northern coasts are characterized by the presence of "air-roots", called pneumatophores. These roots usually cover part of the forest floor and may hinder sea turtles access or nest excavation; (2) the presence of elevated platforms to reduce the risk of nests being destroyed by waves or high tides [3, 15, 24] . The other three shores are mainly characterized by inferior topographic bottom slopes; and (3) the presence of large grain particles (0.5-1 mm) to allow gas exchange between eggs and sand, providing an optimum environment for embryonic development [25] . The gradient and steepness of the shore reflects the energy conditions of the beach (which are high at the east coast).
Along the eastern coast, the loggerheads tendency of spreading their nests throughout the coast contradicted the findings made by other authors [7, 10] , which stated that loggerhead turtles tend to lay their eggs in a non-random pattern. Leatherbacks tendency to nest in specific areas of the beach also contradicted other authors findings [1, 2] , that leatherbacks usually spread their nests evenly along the beach. The differences observed between these studies [2, 10, 25] with the present, could be due to the different sampling methods applied. Although the present study had grouped the several years data and treated as a single temporal unit as the other studies, it did not use a consecutive chronological sequence of the spatial data, like the other authors, because spatial data from many nesting seasons were missing. One of the main disadvantages of grouping several years data as a single temporal unit relies in the fact that it does not consider spatial changes over the years.
Individual loggerhead turtles have a strong sense of orientation and memory as they use chemical cues to locate their nesting sites. They usually present the same pattern between or across nesting seasons [2] . On the other hand, individual leatherback turtles nest in a random pattern in order to maximize nest survival in unpredictable environments [25] .
Factors Affecting Nest Site Selection
Loggerheads tendency to nest most towards the northern end of the beach against leatherbacks tendency to nest most towards the middle of the beach could mean that these two species have different nesting preferences.
Beach height was significantly correlated with loggerhead's nest density at the eastern coast of Inhaca. Similar findings were obtained by other authors [4, 27, 28] . No other variable had importance on the nest selection process. By being much lighter and smaller of the two species, loggerhead turtles eventually have more choices of nesting sites and are able to move easily or climb high altitudes in order to find higher nesting sites to reduce the risk of nests being inundated or destroyed by waves and increase the probability of embryonic development success [3] . However, this model only explained 9.5% of loggerheads nest density variation, which might mean that there are other important variables influencing loggerheads nest site selection.
Leatherback's nest density was significantly correlated to very fine sand (0.125 mm grain sized particles) and organic content of the sediment. According to [25] , higher percentages of fine sand and organic content can be linked to the exposure to ongoing water run-off that results in the deposition of finer material in certain portions of the beach. However, that is not the case of Inhaca, since there is no river near the Island.
It is probable that the fine, less heavy particles, are dragged by the wind and deposited in this section of the beach, creating large amounts of fine material.
Fine particles can reduce the hatch success by restricting the gas exchange between the eggs and the sand [25] . However, leatherback turtles don't appear to choose their nest sites based on the chances of hatchling success. It appears that leatherbacks only choose their nest sites under the practicality to handle their heavy bodies [2] . Coarse-grained sections are difficult to excavate, therefore, leatherback turtles probably choose to nest on finer sands due to the practically to dig their nests [29] . Additionally, finer sand particles are correlated to softer/gentle slopes which are easier to crawl. However, this model only explains about 19% of leatherbacks density variation.
Therefore, further research is required to have a broader understanding of the factors controlling the nest site selection by leatherback turtles.
Conclusions
Spatial distribution analysis revealed that loggerhead turtles tended to spread their nests along the coast, but with a preference for the northern most section, while leatherbacks tended to nest in the middle section of the beach. Of the seven beach features measured, beach height was the most important factor controlling the nest selection by loggerhead turtles while very fine sand particles and organic content of the soil were considered important factors on the nest selection by leatherback turtles.
